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Description 

[Improved 3D Imaging System using 

Reflectors] 

Cross Reference to Related Applications 

[0001] This application claims priority rights under 35 U.S.C. 

.sctn. 119(e)(1) based on provisional U.K. Patent Applica- 
tion CB 0222244.6 filed on Sep. 25, 2002. 

Background of Invention 

[0002] j ne present invention relates to an integrated lens, aper- 
ture and beam splitter system for taking stereo pho- 
tographs. The system is for use as a lens attachment for 
Single Lens Reflex cameras. 

[0003] jhe popularity of three-dimensional, or stereo, pho- 
tographs is increasing along with technological advances 
in the field. Stereo photographs are created by projecting 
dual images of the same subject adjacent to each other on 
the same exposure of film. The camera lenses that project 
each of the images of the subject are slightly offset from 
each other so that the film exposure captures to two dif- 



ferent angles of the same subject. The resulting effect of 
the developed film, when viewed through an appropriate 
viewer, is a three-dimensional, or stereo, photograph. 
[0004] There are multi-role cameras, which can perform different 

photographic tasks as though they are purpose built for 
the job. Some examples are telescopic photography, 
wide-angle photography and microscopic photography. 
However there are no stereoscopic attachments in the 
market for these cameras which can produce stereo im- 
ages to rival those produced by purpose built stereo cam- 
eras. 

[0005] jhe basic difference between a monoscopic camera and a 
simple stereoscopic camera is that the former captures 
one image and the latter captures a pair of images simul- 
taneously from two viewpoints separated laterally by ap- 
proximately 65 mm. 

[0006] Any attempt to capture the pair of stereo images on a sin- 
gle frame will usually involve the use of reflectors or beam 
splitters. These are known to carry the penalty of a narrow 
field of view and require skilful masking between the two 
images, particularly if one lens is used to capture the pair 
of images. If one lens is used to capture two images, vari- 
ous degrees of keystone distortion will make the viewing 



of the images in stereo uncomfortable. The wider the an- 
gle of view the worse the keystone effect. 

[0007] An example of a purpose built stereo camera is the Stereo 

Realist. The Stereo Realist is in essence two separate cam- 
eras mounted in a common frame. It produces a pair of 
stereo images with a pair of lenses set 65 mm apart. It 
has synchronized shutters and exposure control. 

[0008] jo enable monoscopic cameras to take stereo pictures, 

beam splitters have been devised to produce a pair of 
side-by-side transposed images on a single frame. It is 
desirable to have images in this format because they can 
be easily viewed without remounting. Examples of such 
beam splitters are the Kodak Retina series, Pentax and the 
Zeiss Contaflex. 

[0009] However, images produced by these beamsplitters are not 
of comparable quality to those produced by a purpose- 
built stereo camera such as the Stereo Realist. There is 
severe keystone effect and restricted angle of view. The 
angle of view can be widened by using a wider supporting 
lens. The penalty for doing this is severe keystone distor- 
tion and vignetting. The wider the angle of view the worse 
the keystone distortion. Keystone distortion makes 3D 
images uncomfortable to view, and when severe, can de- 



stroy the 3D effect altogether because key parts of the 
two images do not merge. 

[0010] | n a stereo pair it is desirable to have a clearly defined 

partition. It is difficult to achieve this with a single lens 
beam splitter. It is even more difficult to maintain the par- 
tition when there is adjustable aperture. 

[0011] There are two identifiable, previously proposed beam 
splitter systems in the art, which address these issues 
while producing correctly transposed images. The follow- 
ing table compares their strengths and weaknesses with 
the 3D Imaging System proposed in this application. 

[0012] [Strengths and Weaknesses of previously proposed beamsplitter 
systems] 





SINGLE LENS WITH 
BEAM SPLITTER AT- 
TACHMENT 


TWIN LENSES WITH 
STAGGERED MIR- 
ROR BEAM SPLI I I bR 
ATTACHMENT 


PROPOSED 3D IMAG- 
ING SYSTEM WITH 
CLOSE-SPACED 
LENSES AND STAG- 
GERED MIRRORS 


VIEWING 


Bright 


Dark 


Bright 


METERING 


Bright 


Dark 


Bright 


APERTURE 


Single 


Twin 


Twin 


FIELD OF VIEW 


Narrow 


Even narrower be- 
cause the light paths 
are stacked and cross 
over 


Wider because of the 
position of the aper- 
tures and lenses 


KEYSTONE DISTOR- 
TION 


Severe 


None 


Negligible 


VIGNbl IING 


The further the aper- 


The further the aper- 


The aperture is in front 





ture is from the reflec- 
tor assembly the more 
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feet 


ture is from the reflec- 
tor assembly the more 
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of the lens, right next to 
the first mirror, so vi- 
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PARTITION 


Poor 


Good 


Good 



[0013] jhe popularity of stereo photographs depends on the 

ease of creation as well as viewing of the content. The ul- 
timate in ease of use is defined as images that can be 
captured as seen through aviewfinder, and immediately 
viewable in stereo effect through a stereo viewer without 
re-mounting. To achieve this ease of use the stereo im- 
ages need to be captured correctly transposed, on a single 
frame of film or digital exposure. 

[0014] Technological advances in imaging capturing cameras 

have given rise to accurate viewing, exposure control and 
a wide range of shutter speeds. Some cameras have auto- 
matic "Through The Lens" (TTL) flash synchronization. 
These features are very desirable in modern photography, 
and are currently lacking in single frame 3D Imaging Sys- 
tems. 

[0015] jhe Single Lens Reflex (SLR) camera is an image capturing 
camera with technologically advanced features which aid 
in taking high quality pictures. SLR cameras have the 
added benefit of having standardized interchangeable 
lens systems. 



[0016] jhis permits a 3D Imaging System to be devised which is 

modular, self-contained and interchangeable with stan- 
dard Single Lens Reflex camera lenses, and can receive the 
single image of a subject, split it into dual transposed im- 
ages in stereo offset and deliver a single frame to an im- 
age capturing device, without severe keystone effect and 
vignetting, while retaining a wide angle of view and a 
bright image for viewing and metering. This 3D Imaging 
System needs to combine the advantages and minimize 
the shortcomings of previously disclosed beam splitter 
systems to produce 3D images of quality comparable to 

those produced by a purpose built stereo camera 
Summary of Invention 

[0017] Accordingly, the present invention is directed to a 3D 

Imaging System for stereo photographs that substantially 
obviates one or more of the limitations and disadvantages 
of prior art 3D Imaging Systems, and unites a previously 
unavailable combination of desirable features in one de- 
vice. The advantages and purposes of the invention will be 
set forth in part in the description which follows, and in 
part will be obvious from the description, or may be 
learned by practice of the invention. The advantages and 
purposes of the invention will be realized and attained by 



the elements and combinations particularly pointed out in 
the appended claims. To attain the advantages and in ac- 
cordance with the purposes of the invention, as embodied 
and broadly described herein, the present invention is di- 
rected to a 3D Imaging System set within a device which 
can be mounted directly onto the body of a Single Lens 
Reflex camera.The 3D Imaging System, comprises a mirror 
beam splitter system having an even number of mirrors; 
and a lens panel having a pair of lenses; and an aperture 
panel with a pair of apertures. The beam-splitter turns the 
single light path from a single subject into dual divergent 
light paths as viewed from two different angles and 
projects them through the aperture panel and then the 
lens pair to form dual images with a 3D offset which can 
be captured on film, electronic recording media or ground 
glass in a Single Lens Reflex cameralt is to be understood 
that both the foregoing general description and the fol- 
lowing detailed description are exemplary and explanatory 

only and are not restrictive of the invention, as claimed. 
Brief Description of Drawings 

[0018] The accompanying drawings, which are incorporated in 
and constitute a part of this specification, illustrate sev- 
eral embodiments of the invention and together with the 



description, serve to explain the principles of the inven- 
tion. In the drawings, FIG. 1 is a top sectional view of a 3D 
Imaging devicewith staggered mirrors and dual lenses 
producing parallel light paths. 

[0019] FIG. 2 is a top sectional view of the 3D Imaging device in 

FIG. 1 with a pair of wider angle lenses, larger mirrors, 
and the film plane closer to the lens. 

[0020] FIG. 3 is an isometric view of a single lens capturing an 

image and projecting it onto the condenser of a Single 
Lens Reflex camera. The pentaprism is omitted for clarity. 

[0021] FIG. 4 is an isometric view of the 3D imaging device in 

FIG. 1 showing the lens pair, reflector mirror, condenser, 
eyepiece and light meter cell, illustrating the entry and 
destination of the light paths captured by the beamsplitter 
(not shown). 

[0022] FIG. 5 shows a comparison of ray diagrams of two lens 

configurations, one with an iris set within the lens and the 
other with the iris set in front of the lens. 

[0023] FIG. 6 is an isometric view of the 3D imaging device in the 

present invention, showing the narrow pitched lens pair, 
reflector mirror, condenser, eyepiece and light metering 
cell, illustrating the entry and destination of the light 
paths captured by the beamsplitter (not shown). 



[0024] FIG. 7 is a simplified sectional view of the 3D imaging sys- 
tem in FIG. 6, comparing the direction and destination of 
light paths passing through the same lens placed in three 
different positions. 

[0025] FIG. 8 is a top sectional view of the 3D imaging system in 

FIG. 6, shown mounted on a camera body with an image 

capturing device. 
Detailed Description 

[0026] Reference will now be made in detail to the presently pre- 
ferred embodiment of the invention, and example of 
which is illustrated in the accompanying drawings. Wher- 
ever possible, the same reference numbers will be used 
throughout the drawings to refer to the same or like parts. 

[0027] | n accordance with the present invention, a 3D imaging 
system for taking stereo pictures is provided. The 3D 
imaging system device includes a beam splitter system 
comprising an even number of mirrors. It also includes a 
lens panel that has two independent image forming 
lenses, and an aperture panel with a pair of apertures. In 
another embodiment the aperture panel may incorporate 
multiple pairs of different sized apertures. These items 
are set in a housing 110 according to the configuration 
described. An exemplary embodiment of the 3D imaging 



system of the present invention is illustrated in FIG. 8 and 
is generally designated by reference number 116. 

[0028] As illustrated in FIG. 8, the 3D imaging system is mounted 
on an image capturing camera. In the exemplary embodi- 
ment the camera body is a Single Lens Reflex (SLR) camera 
for use with 35 mm film, although the present invention 
contemplates that the 3D imaging system may be adapted 
for use with any type of camera body built for an inter- 
changeable lens system. In another embodiment the cam- 
era may be one which captures images digitally with a 
CCD chip or other similar digital device. In yet another al- 
ternative the camera body may be one which captures 
moving images on videotape. 

[0029] FIG.l shows a ray diagram of a good solution in terms of 

image quality and ease of manufacture. It comprises two 
image forming lenses items 2 & 4. Mirrors 6 and 8 provide 
one viewpoint of the subject for lens 2 to form an image 
16 on film 14 while mirrors 10 & 12 stacked in front of 
mirrors 6 and 8 provide another viewpoint of the subject 
for lens 4 to form a side-by-side image 18 next to image 
16 on film 14. It has two inherent drawbacks, particularly 
if it is used on a single lens reflex camera. 

[0030] since the light paths are in the form of a pair of cones 



which are rather long through the reflector unit and also 
they are stacked one in front of theother, there is a limit 
to the angle of view of the camera using this 3D system: a 
point will soon be reached where the size of the mirror 
used to capture the rays from one light path is blocking 
the rays from the other ray light path, thus blocking off 
part of the image which should be recorded on the film, 
see FIG. 2. FIG. 2 shows the same unit as FIG. 1 but with a 
pair of wider angle lenses 1 & 3. To accommodate this 
wider angle, mirrors 5, 7, 9 and 11 have to be enlarged. In 
doing so part of mirror 5 now intrudes into the field of 
view of lens 3 of the image as reflected by mirror 11. As a 
result vignetting of part of images 16 and 18 is shown at 
20. The field of view of mirror 7 is determined by light 
rays striking it at either end. At the end of mirror 7 which 
is close to lens 3, the incident light rays are blocked by 
part of mirror 9. At the end of mirror 7 which is away from 
lens 3, the reflected light rays are blocked by mirror 9 and 
prevented from reaching mirror 5. 
[0031] |f this system is used in an SLR camera, the view finder 

systemshould be able to show the pair of side by side im- 
ages in the viewing screen through the eye-piece. This 
becomes mandatory if the camera exposure control relies 



on light sensors measuring the brightness of the screen 
images. In practice, to improve the brightness of the 
viewed images, all modern single lens reflex cameras are 
fitted with a condenser lens system next to the ground 
glass. This condenser system assumes the image forming 
lens to be in the centre of the film and therefore also in 
the centre of the viewing screen, see FIG. 3. FIG. 3 shows 
an isometric view of an SLR camera viewfinder where cam- 
era lens 22 forms an image on ground glass 26 after be- 
ing deflected by mirror 24. The condenser lens 28 re- 
ceives the ground glass image and concentrates the illu- 
mination through eyepiece 30 to reach eye 32. For clarity, 
the pentaprism responsible for providing eyelevel viewing 
is omitted in FIG. 3. 
[0032] Unfortunately, this 3D system uses a pair of image form- 
ing lenses that are at about the same pitch as the pair of 
3D images they form on the film. The centre line of these 
lenses no longer lines up with the ground glass condenser 
lens system in the viewfinder. The more efficient the con- 
denser system the less light it will direct to the eye-piece 
viewing area from these off-axis lenses. The result is a 
pair of very dark images. Since the exposure control of a 
modern single lens reflex camera collects exposure infor- 



mation from the brightness of the image near the eye- 
piece position, the light meter is also fooled into giving 
extremely long exposure since the meter cells no longer 
receive the correct image brightness information com- 
pared with a conventional lens which corresponds to what 
the film is expected to receive, see FIG. 4. 

[0033] FIG. 4 shows an isometric view of an SLR camera fitted 
with a 3D attachment similar to the one shown in FIG. 1. 
Now the image produced by lens 2 is formed directly on 
but to one side of ground glass 26, and is acted on by the 
off-center part of condenser lens 28. 

[0034] The condensed image is now directed to a point outside 
of the viewfinder eyepiece 30 and the exposure meter cell 
34, which is near the eyepiece. The result is a dark image 
when viewed at the eyepiece 30 position. Lens 4 is sym- 
metrical to lens 2 and the corresponding result is the 
same. 

[0035] As illustrated in FIG. 5, a pair of image forming lenses can 

be designed with the iris in the front. By doing this the 
image ray cones through the reflector system can be min- 
imized. There are two benefits to this. Firstly, for a given 
size of reflector, the angle of view is increased. Secondly, 
the overall size of the reflector housing is reduced be- 



cause the image ray cones are reduced. 

[0036] a comparison is shown in FIG. 5. There are two ray dia- 
grams of two lenses 36 & 38 with identical focal lengths. 
Aimed at the same object, the image size will be the 
same. However for a given distance from the front of the 
lens d, image cone 44 of the lens 38 with the iris in the 
front will be smaller than image cone 45 of lens 36 with 
the iris set within the lens. That is, B is less than A. 

[0037] As illustrated in FIG. 6, the two 3D image forming lenses 
can be moved closer together and the reflectors angle de- 
signed to allow the images at the film plane to be main- 
tained at the correct pitch. There are two benefits in doing 
this. Firstly, the length of the image cones through the re- 
flector system of a stacked crossover design system is 
further reduced, so an even wider angle of view and 
smaller reflector size becomes possible without increasing 
the size of the mirrors. Secondly, applied to the SLR cam- 
era, the ray paths from the pair of lenses are less off-axis 
and closer to design requirements of the condenser lens 
of the viewing screen meant for conventional on-axis 
lenses. 

[0038] jhe result is a brighter viewed image and more accurate 
exposure control. This exposure control is good enough 



for colour negative film and can be fine turned with expo- 
sure compensation if desired. 

[0039] since the pair of images in the viewfinder are condensed 
to either side, but still within the area of the viewfinder 
eyepiece, see FIG. 6, the camera user will see an even 
brighter image if the eye is moved slightly to one side of 
the viewfinder eyepiece and look obliquely through the 
viewfinder. In this case the other image will appear corre- 
spondingly darker. 

[0040] with reference to FIG. 6 showing an isometric view of the 

improved 3D imaging system, the two image forming 
lenses, 46 and 48, are now close together (closer than the 
image pitch at the plane of focus or film plane). For clarity 
the pentaprism responsible for providing eyelevel viewing 
is omittedConsider lens 46, the ray which eventually 
forms the center of image item 50 is now diverging. After 
it is reflected by mirror 56, it continues to diverge. If rays 
were radiating from a single lens mounted along the cen- 
ter line of the film, the ray which forms an image at 70 
will strike the ground glass at a slightly greater angle and 
match the condenser lens optics properly. 

[0041] FIG. 7 is a simplified sectional view of FIG. 6, It illustrates 
the way the light paths are bent by the lens and con- 



denser. For clarity the Single Lens Reflex camera mirror 
has been omitted. The set of rays passing through the 
prime (normal) lens 74 is focused perfectly by the con- 
denser on eyepiece 84. The rays passing through the lens 
on the far right are refracted through a wide angle by the 
condenser and end up being focused at a point far left of 
eyepiece 84, outside the field of view of viewing eye 86. 
This results in a very dark viewing image. 

[0042] jh e rays passing through the lens 76 shifted slightly to 
the right (as proposed by the improved 3D imaging sys- 
tem) are also refracted by the condenser to the left of the 
eyepiece 84 but end up being focused at a point within 
the field of view of the eyepiece 84 albeit to the left of the 
center line. This provides a good viewing image, which is 
also bright enough for light metering. 

[0043] This invention is now described by way of an example, al- 
though this is a design for a SLR camera, it can also be 
applied to a simple camera using a separate view finder. 

[0044] FIG. 8 shows a sectional view of the improved 3D imaging 
system in a simplified housing 110, mounted on a simpli- 
fied representation of camera body 114.The camera body 
contains image recording film 90 onto which two side by 
side 3D images 92 and 94 are projected by the pair of 



lenses 46 and 48.The pitch of the images 92 and 94 is 
wider than the pitch of lenses 46 and 48. In front of the 
pair of lenses are a pair of adjustable irises 100 which al- 
low rays from the object reflected through the beamsplit- 
ter system comprising mirrors 102, 104, 106 and 108 to 
pass through. The angles of the mirrors 102, 104, 106 
and 108are adjusted to keep the image pitch the same as 
before the improvement is introduced. 

[0045] Consider the light radiating from object towards mirror 8. 
This is reflected towards mirror 9 and then through the 
iris and image forming lens 2 to be focused onto the film 
1 forming image 4). 

[0046] Consider the light radiating from the subjectll2 towards 

mirror 102. It is reflected towards mirror 104 and then 
through the iris and image forming lens 46 to be focused 
onto the film forming an image 92. 

[0047] K w j|| be apparent to those skilled in the art that various 

modifications and variations can be made in the construc- 
tion of this 3D imaging system without departing from the 
scope or spirit of the invention. Other embodiments of the 
invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the in- 
vention disclosed herein. It is intended that the specifica- 



tion and examples be considered as exemplary only. 



